The quadricuspid aortic valve is a very uncommon malformation associated with aortic insufficiency, aortic stenosis, endocarditis, and ascending aortic dilatation. We report four cases of this aortic valve malformation. One patient with severe aortic regurgitation and moderate aortic dilatation required aortic valve replacement. Three patients had mild or moderate aortic insufficiency combined with moderate ascending aortic dilatation. These patients were referred to follow-up. The presented cases demonstrate that this aortic valve malformation may not be as rare as it appears and that attention must be paid to any quadricuspid findings during computed tomographic angiography and echocardiography.
Introduction
The quadricuspid aortic valve (QAV) is a very uncommon malformation [1] . A much more common congenital aortic valve lesion is bicuspid aortic valve (BAV). Approximately 50% of patients with QAV develop severe aortic insufficiency (AI) [2] , which may require aortic valve replacement [3] . Another condition common to QAV is ascending aortic dilatation. We present four cases of congenital QAV with varying degrees of aortic dilatation and insufficiency.
Case Report
Three asymptomatic patients (two males) underwent computed tomographic (CT) angiography, which revealed borderline ascending aortic dilatation ( Figure 1A ) and congenital QAV ( Figure 1B ). Echocardiography revealed mild or mild-to-moderate (between grades 1 and 2) AI in all patients, without significant aortic stenosis, and with normal to moderately dilated left ventricle ( Table 1) . The 2-and 3-dimentional echocardiography verified symmetric a 4-cusp valve and a 4-sinus aortic root. These patients were followed medically.
Another patient, a 64-year-old male, was admitted to our clinic, with dyspnea on exertion and chest discomfort. Echocardiography revealed QAV with severe AI (Figure 2A ) and moderate ascending aortic dilatation. The left ventricle was dilated with normal ejection fraction ( Table 1) . CT angiography confirmed these findings. Coronary angiography revealed normal coronary arteries. The patient underwent open heart surgery ( Figure 2B ). The aortic valve was replaced with a 23-mm mechanical bi-leaflet prosthesis. Histological examination revealed fibrosis of the aortic cusps. The post-operative period was uneventful. Echocardiography before discharge showed normally functioning aortic valve prosthesis and reduced volume of the left ventricle without any depression of its contractility.
Discussion
The congenital QAV is a rare abnormality of the aortic valve, diagnosed in 0.04-0.008% of autopsies as well at echocardiography studies [1, 2] . Like BAV, congenital QAV is associated with the development of AI, aortic stenosis and ascending aortic dilatation [2, 3] . In all our presented cases, the ascending aorta was moderately dilated with the presence of some AI. In one case aortic valve replacement was required due to severe AI. In addition, QAV can be associated with other cardiac abnormalities: ruptured sinus of Valsalva, subaortic stenosis, hypertrophic cardiomyopathy, coronary artery abnormalities, patent ductus arteriosus and ventricular septal defects [4] .
Hurwitz and Roberts [1] described seven types of congenital QAV based on valve leaflet size. Due to the risk of aortic-associated severe complications (e.g., acute ascending aortic dissection) and progression of aortic regurgitation, early diagnosis and follow-up in patients with congenital QAV is very important. In all our presented cases, the diagnosis was made by CT angiography.
In QAV, a question arises regarding the timing of surgery. Two factors should be noted: the degree of ascending aortic dilatation and the AI grade. In current guidelines for the management of patients with valvular heart disease there is no data concerning surgery in patients with QAV. We feel that recommendations regarding BAV may reasonably be used also for QAV.
We conclude, that QAV may not be quite as rare as we previously thought. QAV is associated with the development of aortic regurgitation and ascending transesophageal echocardiography and professors Roberts and Thompson for English language and grammar corrections.
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aortic dilatation. Close follow-up is essential to ensure surgical intervention before severe AI occurs (with consequent left ventricle damage) and before severe aortic dilatation (with possible aortic dissection) supervenes. QAV is believed to be a very rare congenital anomaly, but the incidence is probably underestimated. Although the incidence was reported to be between 0.008-0.033% in early years, the incidence was 0.043% in an echo series [1] . In patients undergoing aortic valve replacement, the incidence ranges from 0.55% to 1.46% [2] .
In 2001, Nakamura and colleagues [3] proposed a classification according to the position of the accessory cusp based on a review of 42 patients with QAV in Japan. It is composed of 4 types and simpler than the classification originally described by Hurwitz and Roberts in 1973 [4] .
Recent literature suggests that an abnormal number of cusps is caused by developmental changes in the early stages of truncal separation. The abnormal aortic valve can be uni-, bi-, quadri-and penta-cuspid [5] . BAVs tend to be stenotic while QAVs tend to regurgitate. In a recent large series of 31 patients with QAVs from the Cleveland Clinic, moderate to severe aortic regurgitation was seen as the predominant hemodynamic lesion in 68% of the patients [6] . Specific criteria for aortic intervention in patients with QAV do not exist, due to the rarity of this anomaly.
